Essential thrombocythemia (ET) is a myeloproliferative neoplasm characterized by a sustained increase in platelet count and long-term survival. The long-standing threshold platelet count to define thrombocytosis of 600 Â 10 9 /l was recently lowered to 450 Â 10 9 /l by the World Health Organization in the 2008 classification. Thromboses, acute myeloid leukemia (AML) or myelofibrosis are the main complications of ET. Life expectancy of ET patients is good, with median survival ranging from 13 to 22.3 years. [1] [2] [3] Consequently, long-term follow-up studies that focus on ET-related complications and/or survival of ET patients must be conducted to register a sufficient number of events to provide informative results and statistical analyses. Many studies on outcomes in ET have been published, including well-conducted large-scale studies. However, most were single-institution studies that focused on patients referred to hospitals, which does not necessarily reflect the course of ET in the general population. Indeed, in these studies, the median age at diagnosis was younger (50-57-years old) than usually noted for ET patients in population-based studies (67-73-years old). 4, 5 Moreover, long-term outcomes in ET patients from population-based studies, usually involving o100 patients, are rarely investigated. Finally, in these studies, survival was generally based on observed mortality, a good but incomplete representation of overall mortality: given the old age (465 years) of half of the patients at the time of diagnosis, more specific analyses such as relative mortality, that describes mortality directly associated with the disease, thus ruling out biases related to age or other illnesses, should be carried out.
Taking the above into account, we carried out a long-term (1980-2007) retrospective study on 311 ET patients (174 females and 137 males) registered in the Registry of Hematological Malignancies of the Cô te d'Or area, France, the world oldest registry specialized in hematology.
The median age at diagnosis of 68.4 years (range: 15.8-94.4 years), and the World Standardized Population incidence rate was 1.4 per 100 000 inhabitants per year. The median follow-up was 9.5 years (range: 0-28). In all, 86% had received cytoreductive drugs, mainly hydroxyurea or pipobroman, during the follow-up. Altogether, 70% had received anti-platelet drugs alone (14%) or associated with cytoreductive treatment. The JAK2-V617F mutation assay was carried out for 129 out of 311 patients; 91 out of 129 (70%) were positive.
In our study, 125 (40%) patients died during the 1980-2007 period, at a median age of 81 years, with a median of overall survival of 11 years. Relative survival was 93, 83 and 47% after 5, 10 and 20 years of evolution, respectively.
As a consequence of both older age at diagnosis and longer follow-up, the mortality rate was higher (40%) than in other reports (from 8 to 27%) [1] [2] [3] 6 which underlines the differences between population-based and single-center studies (Table 1) . Nevertheless, this high rate of mortality allowed us to better analyze survival on a sufficiently large number of events (n ¼ 125) compared with previous studies with a low number of deaths (ranging from 20 to 30). 1, 4 When relative survival was analyzed, that is focusing on deaths directly associated with the disease, mortality because of ET was low in the first 10 years of evolution, as survival was 83% at 10 years. However, it decreased to 47% after 20 years of follow-up, with a generally regular curve with no steep falls. The difference between median observed and relative survival (11 versus 19.5 years) underlines the need to carry out the appropriate analyses to study the effect of a single disease on mortality. Finally, contrary to previous results 7 but in accordance with population-based studies, 4, 5 survival in ET patients was significantly lower than the expected survival of an age-and sex-matched control population, and the discrepancy was mainly observed after 10 years of evolution.
A history of thrombosis was associated with higher mortality, but only in univariate relative survival. In contrast, neither thrombocytosis 41000 Â 10 9 /l nor the presence of the JAK2-V617F mutation at diagnosis were significantly associated with poorer survival.
Three independent parameters were noted as prognostic factors for relative survival in multivariate analysis: age 460 years, a hemoglobin level below normal values and leukocytosis 411 Â 10 9 /l. Our study provides data showing that, in relative survival, age 460 years is still a risk factor of survival; in other words, there is excess mortality because of ET per se in people over 60 years compared with younger patients.
A hemoglobin level below normal values was noted in 54 patients at diagnosis and was associated with a poor prognosis. One could imagine that patients with low level of hemoglobin had a myelodysplastic syndrome or a prefibrotic stage of primary myelofibrosis that could have previously been misdiagnosed, as these disorders are associated with worse overall survival and frequently anemia. However, at diagnosis there were no signs of myelodysplastic feature or fibrosis at bone marrow examination, either in morphology or histology in these patients. On the other hand, data such as increased blasts in the bone marrow or cytogenetic abnormalities during evolution were sometimes missing, leading to a possible underestimation of myelofibrosis transformation.
In the same way, our results confirm that leukocytosis at the time of diagnosis is also associated with poorer survival; compared with the previous studies that reported a white blood cell count (WBC) of 15 Â 10 9 /l associated with a worse Table 1 Population and non population-based studies on the outcome in essential thrombocythemia Letters 9 /l corresponding to the mean WBC value of the entire population). Of course, the analysis remained statistically significant when a threshold of WBC 15 Â 10 9 /l was tested. Taking into account the three independent parameters, a model for relative survival was constructed in order to define three groups of risk: high for patients with 2 or 3 risk factors, medium if there was 1 risk factor and low when there were no risk factors. Median survivals were 10, 16 and 18 years in the high, intermediate and low-risk groups, respectively (Po0.001) in relative survival analysis (Figure 1) , thus confirming previous results. 2 To avoid the confounding effect of cytoreductive therapy on this model, we checked that the proportion of patients who received cytotoxic agents was the same in the three groups (P40.05). Indeed, in our population, most of them (86%) had been treated with such therapy.
Low level of hemoglobin and high platelet count 41000 Â 10 9 /l were independent risk factors for overall survival in multivariate analysis restricted to elderly people (460 years old); however, in this population 460 years, prognostic significance was only maintained for hemoglobin level in relative survival analysis.
Overall, at least one thrombotic event was recorded in 94 patients (30%), including 30 thromboses (18 arterial and 12 venous) before diagnosis, 37 (24 arterial and 13 venous) at the time of diagnosis and 53 (33 arterial and 20 venous) during follow-up. In all, 6 patients had both arterial and venous thrombotic events, whereas 23 patients had two or more thromboses. During follow-up, the cumulative risk for thrombosis was 24, 27 and 42% after 10, 15 and 20 years, respectively.
In univariate and multivariate analyses, male sex was an independent factor for arterial occlusive events (Po0.05), whereas age over 60 years and hemoglobin level below normal values (12.5 g/100 ml or 13.5 g/100 ml for women and men, respectively) were independent factors for venous events (Po0.05). Past history of venous thrombosis was a risk factor of recurrence at diagnosis of both arterial and venous thrombosis (P ¼ 0.025). When all occlusive events, including arterial and venous events, in the past history, at diagnosis and during followup, were gathered, multivariate analysis showed that thromboses were significantly associated with age over 60 years and a hemoglobin level below normal values (Po0.05). The results were similar in a multivariate thrombosis-free survival analysis (Po0.05 for the hemoglobin level, P ¼ 0.06 for an age460 years). When adjusted to risk category (that is, age 460 years, a hemoglobin level below normal values and leukocytosis 411 Â 10 9 /l), the thrombotic risk was significantly increased in high and intermediate risk groups compared with the low one, whereas no other independent factor was noticed in multivariate analysis. In contrast, neither leukocytosis nor thrombocytosis nor the JAK2-V617F mutation was associated with an increased risk of thrombosis, in keeping with recent studies which failed to show a clear correlation between platelet counts and the risk of thrombosis. 8 For WBC, previous studies concluded that a leukocyte count above 8.7 Â 10 9 /l was associated with thrombosis, 9 whereas others did not. 1, 3, 6 One may outline that the former study, which reported on a large number of occlusive events (4300) had stronger statistical power than the latter studies, which reported on only 45-156 thrombotic events. In this study, most patients (86%) were treated with cytoreductive drugs and the number of occlusive events was low compared with the previous studies; this may be the reason why we failed to find an association between WBC and occlusive events.
Eighteen (5.8%) ET patients (8 males and 10 females) transformed into AML according to the WHO criteria based on a 20% blast threshold in the bone marrow, during the followup, after a median delay of 6.26 years (range: 1.9-20 years) from the diagnosis of ET; the median age at the time of AML was 74 years. Five patients were younger than 60 years at the time of diagnosis of ET, whereas 13 patients were older. All had been treated with cytoreductive drugs, mainly hydroxyurea as the first-line therapy, and two with pipobroman as the second line. Leukemic transformation appeared at a higher rate and more quickly after diagnosis than classically described in singleinstitution reports. [1] [2] [3] 10 This is probably related to the higher median age of our population and the longer follow-up. The cumulative risk of leukemia was 8.3 and 15% after 10 and 15 years, respectively, associated with a 1-year survival after AML transformation of 12%. Neither univariate nor multivariate analysis revealed any risk factors for leukemia at the time of diagnosis, which contrasts with other conflicting studies that reported risk factors such as a hemoglobin level below normal values, age, platelet count 41000 Â 10 9 /l, exposure to melphalan treatment or sequential cytotoxic agents. [1] [2] [3] 6 However, fortunately, leukemic transformations are uncommon events in ET, and most studies, including ours, report few cases of leukemia secondary to ET (from 4 to 20 in the literature, 18 in our work), which means that the statistical power may be too low to draw definite conclusions about risk factors for leukemia.
In conclusion, our study, which is to our best knowledge the largest to date on long-term outcomes in ET from a populationbased registry, provides original data on ET. We confirm that ET is an indolent hemopathy with median relative survival of approximately 20 years. Leukemic transformation is a rare but severe event in the course of the disease, and occurs in o6% of the overall population (15% in cumulative risk after 15 years of evolution), but is responsible for 15% of deaths directly because of ET. People aged over 60 years and/or with a hemoglobin level below normal values at the time of diagnosis are at a higher risk for both thromboses and mortality, which underlines the usefulness of paying particular attention to these patients. Prospective studies are needed to confirm or to rule out the accuracy of our stratifying model based on age, hemoglobin and leukocytes.
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The authors declare no conflict of interest. In contrast to favorable cure rates in childhood acute lymphoblastic leukemia, prognosis in infant leukemia occurring within the first year of life remained poor, despite intense effort in therapy optimization in this critical subgroup. The early clinical manifestation, detection of leukemic clonespecific gene rearrangements in neonatal blood spots and high concordance rates in monochorial twins argue for a prenatal origin in most, if not all cases of infant leukemia. 1 A hallmark of infant leukemia is the high prevalence of chromosomal rearrangements involving the MLL gene at chromosome band 11q23, detectable in about two-thirds of cases. The most frequent partner genes are AF4 (MLLT2), AF9 (MLLT4) and ENL (MLLT3), accounting for B85% of all MLL-positive cases. 2 With respect to clinical course and biological features, infant leukemia exhibits different characteristics to a phenotypically and cytogenetically similar disease in older age. 3, 4 A high rate of breakpoints located in the telomeric portion of the MLL breakpoint cluster region (BCR), similar to therapyinduced acute leukemia associated with topoisomerase II inhibitors, suggested a similar mechanism for MLL rearrangement generation in infant leukemia. Other DNA features, such as scaffold-attachment regions (SAR), DNAse I hypersensitivity sites and initiation sites of apoptotic nucleases, have been discussed to be involved in alternative break mechanisms. 1 The aim of this study was to assess breakpoint distribution within the MLL gene in a cohort of 59 infants, in comparison with pediatric and adult patients, to evaluate age-dependent breakpoint distribution and association of recombination-related sequence motifs.
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Leukemic cells from infants enrolled in treatment protocols of the German and Austrian ALL-BFM 95 or the Interfant-99 study groups were analyzed. Patients' characteristics are shown in Supplementary Table 1. Parents or legal guardians gave informed consent for treatment and DNA analysis. The distribution of MLL partner genes AF4, AF9 and ENL was similar to the allocation in the complete Interfant-99 study population. 2 Breakpoint distribution of our cohort was compared with previously published MLL-AF4, MLL-AF9 and MLL-ENL breakpoints with information of the subject's age. [5] [6] [7] [8] [9] Methods for amplification of genomic fusions are described in the Supplementary Information. Amplicons spanning chromosomal breakpoints were directly sequenced and fusion sequences were aligned to reference sequences, including the MLL, AF4, AF9 and ENL BCR (extracted from the ENSEMBL database), to define breakpoint positions for subsequent analysis.
Breakpoint clusters were defined as regions in which lower limit of 95% confidence band, determined by bootstrapping
